Orchidaceae is the largest family of flowering plants with over 35000 species and 850 genera. About 3300 species of orchids are found in Malaysia and the diversity is highest in the Main, Keledang, Bintang and Tahan Ranges. Apart from being prized for their beauty, orchids have long been used by humans for medicinal purposes. Today the uses of orchids have been expanded to the food and cosmetics industries. Many cosmeceutical companies use orchid extracts as an active ingredient in their products. Previous studies provide riveting insights into the potential uses of orchid extracts as an active agent in cosmetics. This paper describes the cosmeceutical potential of orchids as an anti-aging, and skin moisturizing agent. Orchid extracts from Vanda coerulea and V. teres delay aging caused by reactive oxygen species (ROS) following UV irradiation through their antioxidant and anti-inflammatory activity. These extracts also show anti-aging properties by stimulating cytochrome c oxidase (complex IV), which is part of the electron transport chain in mitochondria. Stimulation of cytochrome c oxidase improves the respiratory function of mitochondria in keratinocytes. The presence of mucilage in orchids enables them to maintain skin hydration. Mucilage functions as a moisturizer and emollient due to its high water binding capacity. Additionally, orchid extracts provide skin hydration by stimulating aquaporin 3 (AQP3) and LEKTI protein expression. The presence of AQP3 leads to a five-fold increase in water permeability, which subsequently increases stratum corneum hydration. Increased LEKTI protein expression mediated by orchid extracts reduces the degradation of desmoglein-1 and enhances the structural function of desmosomes, which play important roles in preventing water evaporation.
Orchidaceae and its morphology
The orchid family (Orchidaceae) is the largest family of flowering plants, ranging from 17000 to 35000 different wild species [1] ; it contains more than 850 genera [2] . According to phylogenetic classification, Orchidaceae is classified into five subfamilies, namely Apostasioideae, Vanilloideae, Cypripedioideae, Orchidoideae and Epidendroideae [3] . Except for Antarctica and the hot deserts, orchids are found throughout the world with the greatest diversity in tropical and sub-tropical areas [4] . The major group of epiphytes is dominated by orchids [1] , where 70% of the species are epiphytic [2] .
Orchids are mostly found in the tropical regions with high annual rainfall [5] , less seasonal variation throughout the year and not overly hot weather, which perfectly describes the climate in Malaysia. Except for a few species, the occurrence of orchids in Malaysia is still uncertain and fewer species are found compared with neighboring countries such as Thailand, and the islands of Java and Sumatra [6] . About 3300 species have been claimed to be found in Malaysia [7] . Nonetheless, this can be explained by the lack of collecting activities rather than the unsuitability of the habitat [6] . Forty percent of the total species found in Peninsular Malaysia are found between elevations of 1000 to 2000 meters above sea level; this area is known as the highland forest [8] . Orchid diversity is highest in the Main, Keledang, Bintang and Tahan Ranges [9] . In addition, Kinabalu Park is said to have more than 1000 species of orchids in 121 genera where both epiphytic and terrestrial orchids are found at all altitudes [10] . Orchids are monocotyledonous plants and possess a very unique feature [11] . Orchids may differ in terms of size, color and shape but they all share the same basic structure: three sepals, three petals and a column [12] . The parts are arranged in a successive whorl and each structure in each whorl is arranged at the same level [6] .
The outermost segments consist of the dorsal sepal and lateral sepals. These sepals function to protect the bud, and their green color will remain until they open [8] . The three petals are located inside the sepals. The two identical sepals are located in the lateral position while the other one, known as the lip or labellum, is opposite the dorsal sepal [12] . Depending on the species, the lip may have a distinguished shape and it can be the prominent part of the whole flower [13] .
Traditional uses of orchids
Orchids have been used by people all over the world for a long time. Orchids offer many benefits to humans. Even before the commercialization of orchids, people used these plants traditionally to obtain their benefits. The local people of the Kumaun Himalaya utilize the rhizome part of Dactylorhiza hatagirea to stop bleeding and promote healing [14] . The local people also use the fresh rhizome of Satyrium nepalense for healing purposes in the treatment of cuts and wounds [14, 15] . In the oriental countries and South Korea, the rhizomes of Gastrodia elata are used traditionally as an anti-convulsive [2] . The leaves of Nervilia aragoana are boiled and drunk by women in some regions of Malaysia to avoid possible sickness after childbirth [4] . In South Africa, the tuber of Eulophia ovalis is burnt and the powder is applied to painful incisions on the limbs [16] . Apart from medicinal use, the orchid is also used as a charm. The Zulus made infertility charms from Ansellia humillis, which was used to cause infertility in unmarried woman [4] . Additionally, A. africana is used as a protective charm. This charm is believed to be able to prevent bad dreams and madness and is prepared as an infusion [16] .
The uses of orchids today
Orchids are considered to be ornamental flowers [4] and treasured as cut flowers owing to their exquisite beauty and long shelf life Hadi et al. [17] . The orchid industry is a multibillion dollar business [2, 4] , especially in Thailand, Australia, Malaysia, Singapore and a few other countries [17] . Vanilla, which is a flavoring agent obtained from an orchid species, is an economically important product [2] . Orchids are not only important economically, but also beneficial medicinally [18] . In the cosmeceutical industry, various orchid extracts have been claimed to be potent anti-aging [19] , and skin moisturizing products [20] . This paper will focus more on the benefits of orchids in this industry with special focus on Vanda species.
Orchids as anti-aging agents

Pathophysiology of aging
Cutaneous aging can be explained by two processes: chronological aging and photoaging. Chronological aging is a slow process which will lead to reversible tissue degeneration and eventually affects the whole body [21] . In contrast, photoaging (premature aging) is caused by exposure to ultraviolet irradiation (UV) [22, 23] . Excessive exposure to sun will lead to acute sunburn and immune suppression, while repeated exposure leads to accumulated damage, which is responsible for skin cancer and photoaging [22] .
Photoaging is manifested by dyspigmentation, laxity, a yellow hue, wrinkles, telangiectasia, a leathery appearance, and cutaneous malignancies [24] and it is most likely to affect people with lighter skin color [25] . However, the manifestation of chronological aging is dry skin, laxity, wrinkles, slackness and the presence of various benign neoplasms [26] . UV radiation can cause morphological and functional changes in skin which include vascular alterations, immunosuppression and changes in the extracellular matrix [27] . Two important factors that are significant for the pathogenesis of photoaging are reactive oxygen species (ROS) [23] and matrix metalloproteinase (MMP) [22, 25] .
Induction of matrix metalloproteinases (MMP):
Matrix metalloproteinases (MMP) are proteolytic enzymes that specifically degrade the constituents of the extracellular matrix (ECM), which are predominantly collagens and elastin [28] , including other proteins found in the connective tissues and bones. The ECM is made up of type I collagen, as well as smaller amounts of type III collagen and elastin [23] . Collagen fibrils function to maintain the strength and resiliency of skin [29] .
UV irradiation induces MMPs in the dermis and epidermis [21, 22, 25] . MMP-1 (collagenase), MMP-9 (92-kD gelatinase) and MMP-3 (stromelysin-1) gene expression is induced by UV [22] . Fibrillar collagen (type I collagen and type III collagen) is hydrolyzed by MMP-1 at a site within its central triple helix [25] ; MMP-1 is the only mammalian protease that has this ability [30] . The hydrolyzed products are then further degraded by MMP-9 and MMP-3 [22, 25] . This process can cause a marked reduction in collagen in the dermis through the breakdown of endogenous collagen. After UV exposure, the activity of most MMPs, including MMP-1 and MMP-9, can be inhibited to a certain extent by the stimulation of tissue inhibitor of matrix metalloproteinases-1 (TIMP-1) [31] . The degradation of collagen by MMPs is followed by the production of new collagen and repair [22] . This synthesis and repair process is not perfect [32] and leads to a disorganized extracellular matrix. Subsequent exposure to UV irradiation accompanied by imperfect repair will result in the accumulation of a solar scar and eventually a visible solar scar (wrinkles) [33] .
Generation of reactive oxygen species (ROS):
UVA or UVB exposure to skin can stimulate the production of reactive oxygen species (ROS) in large amounts [34] . ROS include singlet oxygen, superoxide anion, hydrogen peroxide and hydroxyl radicals [25, 34] . ROS can exert multiple functions including lipid peroxidation, activation of transcription factors and involvement in DNA breakdown [23] . A study by Fisher et al. showed that through the generation of ROS, UV irradiation mimics the activities of receptor ligands [25] . The receptors for interleukin-1 (IL-1) and tumor necrosis factor-α (TNF-α) in keratinocytes and fibroblasts are activated within 15 minutes following UV exposure [35, 36] . It has been suggested that ROS oxidize and suppress protein-tyrosine phosphatase, which eventually causes the up-regulation of these receptors since its function to down-regulate these receptors is hampered by ROS [37] . Activation of signaling kinases is the result of increased receptor activation.
The expression and functional activation of nuclear transcription factor activator protein-1 (AP-1) is up-regulated following UV exposure [38] . AP-1 then enhances the transcription of MMP-1, MMP-3 and MMP-9 [23] . AP-1 also inhibits the formation of new collagen by inhibiting procollagen promoter [39] . In addition, the buildup of hydrogen peroxide due to reduced catalase enhances MMP-1 expression. This leads to the breakdown of collagen in the ECM of the dermis, imperfect repair of the dermal matrix and ultimately the skin shows signs of photoaging (wrinkles) [25] .
Antioxidant and anti-inflammatory properties of orchid
Wrinkles are known as one of the manifestations of aged skin and can be triggered by ROS through its activity in accelerating collagen breakdown and reducing collagen synthesis, as described previously. UV is responsible for causing both skin aging and skin inflammation. Following repeated UV exposure, ROS is generated [40] and cyclooxygenase 2 (COX-2) expression is enhanced by oxidative stress, leading to an increase in prostaglandin E2 (PGE-2) synthesis in keratinocytes [41] . In contrast to young skin, the expression of PGE-2 is more pronounced in aged skin in response to UV exposure [42] . Prostaglandin is essential for the skin inflammatory process since it is an important factor that contributes to erythema [43] . ROS and PGE-2 are the two factors that can contribute to skin aging. Many antioxidants have been claimed to have anti-aging properties by delaying the process or preventing the signs of photoaging caused by ROS. Ascorbic acid, tocopherols (vitamin E), carotenoids, natural substances like coenzyme Q10 (CoQ10) and polyphenols are among the antioxidants that can affect the skin [44] .
Vanda coerulea: V. coerulea, which is also known as blue orchid, possesses antioxidant and anti-inflammatory activities. An extract of V. coerulea displayed ideal DPPH/OH radical scavenging activity and in vitro inhibition of PGE-2 production in irradiated HaCaT cells (genetically modified keratinocytes) in preliminary biological screening [40] . Five stilbenoids, i.e. two 9,10-dihydrophenanthropyrans (flavidin and imbricatin), two 9,10-dihydrophenanthrenes (methoxycoelonin and coelonin) and one dibenzyl gigantol were isolated via bio-guided fractionation combined with a phytochemical analysis of V. coerulea stems [40, 45] . The three active components of V. coerulea, imbricatin, methoxycoelonin and gigantol, exhibit anti-oxidant activity, thus enabling them to neutralize ROS and reduce oxidative stress [45] . Imbricatin possesses anti-inflammatory activity which reduces UVB-induced COX-2 expression; this results in lower PGE-2 production and inhibits collagen synthesis by fibroblasts [42] .
Using a solid phase microextraction method (SPME), the main volatile compounds of V. coerulea have been identified, which are nonanal, dihydroedulan and heptadecane [46] . In addition, the flowers of V. coerulea contain some phenolic compounds such as
anthocyanins [47] . Interestingly, anthocyanins exhibit antioxidant activity [48] .
Based on all the studies made, it can be concluded that the extract of V. coerulea has the potential to be used as an active agent in antiaging formulations. Simmler et al. emphasized the potential of V. coerulea as a new skin photoprotective agent [40] . Polyphenols have been said to be one of the most promising photoprotecting agents due to their antioxidant and anti-inflammatory properties [49] . Thus, the extract of V. coerulea, possessing both properties, may be used as a skin anti-aging agent.
Vanda teres:
The extract of V. teres possesses anti-inflammatory properties, which are important for anti-aging activity. A cosmetic patent claimed that the extract of this plant is capable of suppressing MMP-2 and MMP-9, increasing the expression of the gene encoding interleukin-10 (IL-10), reducing oxidative stress by exhibiting free radical scavenging activities and enhancing the synthesis of collagen type-1 fibers and fibronectin fibers which constitute the extracellular matrix of the skin [50] . Vandaterosides found in V. teres could improve skin revitalization by increasing the expression of the protein involucrin, desmoglein-1 and transglutaminase-1 during keratinocyte differentiation [51] . Involucrin and transglutaminase-1 are components of the cornified envelope in the epidermis [52] . The cornified envelope and desmoglein-1 are important for skin barrier function [53] . Skin barrier function partly decreases with aging [54] . Thus, the extract of V. teres may slow aging by improving this function.
All the activities of the extract of V. teres mentioned above will help in combating aging by maintaining the integrity of the extracellular matrix, preventing ROS-induced aging and inhibiting inflammation. However, the main compound of the extract that is responsible for exerting these effects has not yet been disclosed [40] . Thus, further study should be carried out to reveal the compound in the extract that possesses these activities.
Stimulation of cytochrome c oxidase
Mitochondria play an important role in skin aging, and are a new focus for the formulation of anti-aging agents [55] . The mitochondrion is an important organelle in cells that provides cellular energy in the form of adenosine triphosphate (ATP), which is essential to drive many thermodynamically unfavorable processes in cells [56] . A decrease in cellular energy level due to defects in mitochondrial function is somewhat responsible for aging and epidermal skin disorders [57] . There are 4 complexes (I -IV) that make up the electron transport chain in mitochondria. The terminal complex is cytochrome c oxidase (complex IV), which catalyzes the conversion of oxygen to water [58] . Thus, the stimulation of cytochrome c oxidase can be the target for any agent that impairs the aging process.
A study has been conducted to determine the effect of glucosyloxybenzyl eucomate derivatives of V. teres on cytochrome c oxidase in a human keratinocyte cell line (HaCat) [19] . The two bioactive agents of V. teres, eucomic acid and vandateroside II, which is a derivative of glucopyranosyloxybenzyl eucomate, affect cytochrome c oxidase by increasing the activity and/or expression of the enzyme without increasing the cellular mitochondrial content [19, 57] .
The respiratory function of mitochondria is improved by an increase in the activity of cytochrome c oxidase [59] . Since the pathology of aging is explained by a decline in mitochondrial function, it can be concluded that the two bioactive agents of V. teres can be used as anti-aging agents. However, further studies need to be performed to ensure that eucomic acid and vandateroside II can improve the expression of cytochrome c oxidase.
Moisturizing effect of orchid
The role of skin in maintaining hydration
The primary barrier of the human body is the skin. This has many important functions including thermoregulation, as a blood reservoir, protection, cutaneous sensations, excretion and absorption, and in the synthesis of vitamin D [60] . In terms of protection, skin protects the human body from UV radiation, pollutants and changes in temperature and humidity.
The structure of skin itself helps maintain its hydration. Skin hydration is determined by the types and levels of lipids present in the stratum corneum [61] . Lamellar granules secrete lipids that inhibit the loss of water from skin surfaces while the secretion of oily sebum from sebaceous glands prevents skin and hair from drying out [60] . In healthy skin, the water content in the stratum corneum is 15-20% [62] . A reduction in the water content below 10% will cause the skin to appear scaly and dry.
In addition, the stratum corneum plays the role of a sensor; in response to external stimuli it will transduce a signal to the deeper structure [61] . The response triggers the formation of ceramides and natural moisturizing factors which are vital in maintaining skin hydration [61, 62] . Thus, for skin to perform its functions effectively, all the structures of the skin must be in optimal condition.
Pathophysiology of dry skin
The medical term for dry skin is xerosis. It is a common condition in the general population due to epidermal water loss. As people age, it becomes more difficult to maintain skin hydration. Dry skin is normally characterized by a rough, flaky texture, itchiness and pain [63] . Since the stratum corneum is the structure that is responsible for hydrating skin, an acute insult to this structure can lead to xerosis.
Skin that is exposed to one or more of the etiologic factors of xerosis, including inherited predisposition, comorbid diseases, environmental conditions, including temperature and humidity, chemical agents and physical insult, is more likely to experience dry skin [64] . The skin layer that is mostly affected by xerosis is the epidermis [61] . The proposed mechanism for xerosis is a disruption in barrier function which leads to a decrease in ceramide synthesis [61] and natural moisturizing factors in the stratum corneum [65] . Large amounts of ceramides constitute the lamellar sheets in the intercellular spaces of the stratum corneum and function as a lipid barrier as well as a barrier to water permeation [66] . Without ceramides, skin can easily lose water to the surroundings via evaporation.
Currently, there are many cosmeceutical formulations available to treat this problem. Surprisingly, many plant extracts are believed to be beneficial in maintaining skin hydration, especially in dry skin. Elderflower, Aloe vera, coltsfoot, mallow, acacia, carrot, comfrey, honey and orchid extracts have been recommended for dry or sensitive skin [67] .
The role of mucilage in orchids
Mucilage is a naturally occurring organic plant constituent produced during normal plant growth by mucilage-secreting hairs, sacs and canals [68] . It consists of monosaccharides and uronic acid units and is often thought of as gum. Chemically, mucilage is related to gums and pectins, but physically there are some differences between them. In plants, mucilage helps in storing large amounts of water [68] . In addition, it is used in small amounts as an antidiarrheal since it is capable of absorbing excess water in the colon [69] .
Orchid species are rich in intracellular mucilage; the corm is the part of the orchid that contains the highest amounts of mucilage [70] . In North America, the First Nations utilize the mucilage from orchids as medicines in their daily life [15] . The presence of mucilage is very significant for the functions of orchid as a moisturizer and emollient [71] .
Mucilage, which is a type of polysaccharide, contains an abundance of hydroxyl groups, causing it to have high water binding capacity [70] . The presence of large numbers of hydrogen bonds made between water molecules and the hydroxyl groups of mucilage contributes to the excellent water binding capacity of mucilage. The hydrated state of skin can be maintained as hydrogen bonds help to retain water in the stratum corneum by preventing water loss through evaporation. Thus, a mucilage-containing orchid extract is suitable as a hydrating agent.
Increase in aquaporin 3 (AQP3) and LEKTI protein expression
Andre et al. claimed that V. coerulea extract can be used as a skin moisturizer [20] .
Aquaporin 3: According to Andre et al., the extract of V. coerulea can maintain skin hydration by increasing aquaporin 3 (AQP3) expression and lympho-epithelial Kazal type related inhibitor (LEKTI) protein expression in the skin [20] . AQP3, also known as aquaglyceroporin, is a small, hydrophobic integral membrane protein [72] . In the skin, AQP3 is found in the basal layer of epidermal keratinocytes under the stratum corneum [73] . It serves as a pore-like passive transporter where it transports water and glycerol following their concentration gradients [74] . Previous studies have shown that the presence of AQP3 can cause a ~5-fold increase in water permeability that leads to an increase in stratum corneum hydration [75] . The important functions of AQP3 have been explored via studies on genetically modified AQP3 knock-out mice [76] . Apart from water absorption, AQP3 displays another important role in epidermal keratinocytes, which is to hold water [77] . Since the function of AQP3 in maintaining skin hydration has been proven scientifically, a few cosmetic companies have introduced cosmetic products that claim to be able to stimulate the expression of AQP3. The extract of V. coerulea has been tested for this purpose. The application of a formulation containing V. coerulea extract in cultured HaCaT cells (a line of keratinocytes immortalized in vitro) and normal human fibroblasts (NHF) resulted in prominent expression of AQP3 in the deep layer of the epidermis [20] . Despite these valuable findings on the role of AQP3 in maintaining skin hydration, further research has revealed that upregulating AQP3 expression can lead to deleterious effects, i.e. skin tumorigenesis. It has been claimed that AQP3 null mice are free of skin tumors when exposed to tumor initiators and a phorbol ester promoter while wild-type mice developed multiple tumors [78] . Thus, the use of any cosmetic products containing ingredients that augment the expression of AQP3 should be considered cautiously [79, 80] .
LEKTI protein: LEKTI is a serine protease inhibitor which is distributed widely on the most differentiated layer of stratified epithelial tissue, including skin. The expression of the gene is limited to the granular layer [81] . LEKTI protein also inhibits other proteinases such as kallikrein 5 (KLK5), kallikrein 14 (KLK14) and kallikrein 7 (KLK7) [82] . These three proteinases are found in the granular layer of skin together with LEKTI [82] . LEKTI protein is encoded by the SPINK5 gene [83] . Mutation in the SPINK5 gene will cause a deficiency in LEKTI protein [81, 84] and severely affect the barrier function of the skin [83] [84] [85] , as well as desmosomes [84] . In normal desquamation, LEKTI protein is responsible for controlling the breakdown of desmosomes [85] . With proteolytic enzyme activity, the breakdown of desmosomal protein and hyperdesquamation are further enhanced with a reduction in the amount of LEKTI protein [85] .
Desmosomes are intercellular junctions between cells that hold the cells together and provide tissue integrity [86] . Desmocollins and desmogleins are the two elements that are responsible for the adhesive activity of desmosomes [86, 87] . Desmosomes are vital in controlling skin permeability as they control the diffusion of water and solutes across intercellular spaces [87] . Therefore, desmosomes are important in maintaining skin hydration by preventing water evaporation.
Netherton syndrome (NS) is a result of a reduced amount of LEKTI protein [81, 83] . Netherton syndrome is a severe recessive autosomal skin disorder characterized by ichthyosiform erythroderma, a specific bamboo hair defect (trichorrhexis invaginata) and atopy [81] . Patients with NS experience significant shedding of the stratum corneum and loss of protective function of skin [80] . A study revealed that a reduction in or absence of LEKTI protein will increase the activity of proteases in the stratum corneum, which will enhance the degradation of desmoglein-1 and eventually cause over-desquamation of corneocytes [84] . This condition can affect the structural function of desmosomes and leads to dry skin.
Based on all these studies, it can be said that an increase in LEKTI protein expression can help to maintain skin water content. This can be achieved by decreasing the rate of epidermal desquamation by slowing down the degradation of desmosomes. Andre et al. suggested that the extract of V. coerulea is capable of stimulating the expression LEKTI protein [20] . Therefore, the extract of V. coerulea is a potential active agent to be used in skin moisturizing products.
It can be concluded that orchids have been found to be very useful in the cosmeceutical area. The alkaloids found in orchids are capable of exerting anti-aging and skin moisturizing activities. These activities of orchids are significant for those in the cosmeceutical industry in order to produce cosmetic products derived from natural resources as people nowadays tend to have more interest in products that contain natural resources as the main ingredients.
The studies made by previous researchers show that orchid extract has the potential to be used as main ingredients in cosmetic products. Nevertheless, for the extract of V. coerulea, no study been made to show that the biomarkers of V. coerulea are really competent to display anti-aging effects. However, Andre et al. have proved that the extract of V. coerulea is capable of increasing expression of AQP-3 and LEKTI protein, but without revealing the main compound responsible for the action. There is also no study to show the significance of mucilage in orchid in aiding skin hydration. Hence, more studies need to be undertaken in order to assure scientifically that orchid has the capability to act as a cosmetic active agent.
